Increasing age, increased body mass index (BMI), and abnormal lipid profiles contribute to an increased risk of vitamin D deficiency. Women who have a perimenopausal and postmenopausal reduction in estrogen levels are a high-risk group for vitamin D deficiency. The aims of this study were to compare the serum vitamin D levels, lipid profile, and BMI between perimenopausal and postmenopausal women in non-manual employment, and to determine whether there were any interdependent factors.
Background
The maintenance of calcium and phosphorus homeostasis and promotion of bone mineralization are important functions of vitamin D. The presence of specific vitamin D receptors (VDR) outside the skeletal system, supports the important role of vitamin D in the regulation of immune and inflammatory processes and modulation of cell growth [1] [2] [3] .
Normal vitamin D levels might have a protective effect against not only osteoporosis, but also metabolic disturbances, including abdominal obesity, dyslipidemia, and hyperglycemia, as well as cardiovascular disease. However, the previously published studies remain controversial on the beneficial effects of vitamin D supplementation on cardiovascular clinical outcomes [4] . Previously published epidemiological studies have shown that being overweight and obese are associated with reduced serum vitamin D levels [5] . One of the major complications of obesity is dyslipidemia, which can also lead to vitamin D deficiency.
Due to reduced estrogen levels and other hormonal changes, perimenopausal and postmenopausal women are particularly prone to develop low vitamin D levels, as well as increased risk of metabolic abnormalities and cardiovascular disease [6, 7] . The prevalence of vitamin D deficiency in postmenopausal women has been reported to be between 31-70% [2] . In menopausal women, the reduced ability of the skin and kidneys to produce the active form of vitamin D, as well as decreased intestinal absorption, are responsible for changes in vitamin D metabolism [2] .
Although several previously published studies have been conducted, the relationship between blood vitamin D concentrations and the individual components of metabolic syndrome (hypertension, hyperlipidemia, diabetes) in menopausal women remains unclear. However, the serum concentrations of vitamin D may depend on many various factors, including specific lifestyle factors and those related to the type of work done. The reason for this may be that women working in non-manual jobs are less exposed to the sunlight and usually have little physical activity during working hours.
Therefore, the aims of this study were to compare the serum vitamin D levels, lipid profile, and BMI between perimenopausal and postmenopausal women in non-manual employment, and to determine whether there were any interdependent factors. The findings of this study may contribute to the development of practical measures to prevent serious complications of vitamin D deficiency to improve the health and quality of life in this population.
Material and Methods

Study population
The study was conducted at the Institute of Rural Health in Lublin and included 300 women aged between 44-66 years. Informed consent for participation in the study was obtained from all women. The study was approved by the Ethics Committee of the Institute of Rural Medicine in Lublin, Poland.
The inclusion criteria were: working in a non-manual job (indoor work, low sun exposure); at least three out of ten menopausal symptoms, according to the Kupperman menopausal index [8] : hot flushes, excessive sweating, sleep disorders, irritability, depression, dizziness, lack of energy, osteoarticular pain, headaches, and cardiac arrhythmia. The exclusion criteria were the presence of chronic diseases, including diabetes mellitus, glucose tolerance disorders, thyroid dysfunction, vitamin D supplementation, drug addictions, or a diagnosis of mental disease.
Body weight, height, waist, and hip circumferences were measured in the study group, which allowed the calculation of the body mass index (BMI) and waist-hip ratio (WHR). The women in the study group were asked about their age and educational level. Their blood was collected to measure serum follicle-stimulating hormone (FSH), vitamin D, and serum lipid concentrations.
The 300 women were divided into three groups: early perimenopausal, who were menstruating, with a serum FSH <20 mlU/mL; late perimenopausal, who were menstruating, with a serum FSH ³20 mlU/mL; and postmenopausal, who had not menstruated for at least 12 months. The classification system used was based on the Stages of Reproductive Aging Workshop (STRAW)+10 System criteria as well as on the Polish accredited laboratory standards (https://www.alablaboratoria.pl).
Serum lipid profiles
Blood samples were drawn for laboratory analysis of serum lipid profiles: total cholesterol (CHOL), high-density lipoprotein (HDL) cholesterol, and triglycerides (TG). Blood samples were promptly delivered to the laboratory. LDL cholesterol=total cholesterol (CHOL)−HDL cholesterol−1/5 triglycerides, as well as TG/HDL, low-density lipoprotein (LDL)/HDL, and CHOL/HDL ratios were calculated.
The following lipid reference limits were used: total cholesterol (CHOL) <190 mg/dL; HDL cholesterol >45 mg/dL; triglycerides (TG) <150 mg/dL; and LDL cholesterol <115 mg/dL. Lipid ratio intervals were: LDL/HDL normal <3, borderline 3-4, high >4; CHOL/HDL normal <4, borderline 4-5, high >5; TG/HDL normal <3, and above normal >3.
Measurements of body fat
Measurements of adipose tissue were performed using electronic body fat calipers. The measurements were performed in three locations: the thigh, biceps, and the abdominal fold. The percentage of body fat was compared with standard measurements (Table 1 ) [9] .
Laboratory tests of serum vitamin D levels
Peripheral blood samples were collected from all the women for laboratory tests of serum vitamin D levels and were conducted in a certified laboratory. Standard limits of serum vitamin D concentration were: severe deficiency (<10 ng/mL), moderate deficiency (10-20 ng/mL), mild deficiency (20-30 ng/mL), and optimal (30-80 ng/mL).
Statistical methods
The data were statistically analyzed using STATISTICA software. The mean values (M) and standard deviations (SD) for continuous variables, and absolute (n) and relative numbers (%) of occurrence of items for categorical variables were used. The c 2 test was used to compare the educational levels among three groups of women: in early and late perimenopausal and postmenopausal periods. Statistical analysis included F-test analysis of variance to compare lipid profiles, obesity levels, and serum vitamin D concentrations among the three groups, and to compare lipid profiles and obesity levels between the four intervals of serum vitamin D concentration: severe deficiency, moderate deficiency, mild deficiency, and optimal. Multiple comparisons were performed using the least significant difference (LSD) test. Since we were interested which groups were different from each other, in all analysis of variance, the fixed effect was estimated, but not the random effect where different groups were random samples from a larger set of groups.
The value of p<0.05 was considered to be statistically significant. The total sample size of 300 women, with a significance level of 0.05, provided the power of the statistical test of a minimum 0.90 if the mean and standard deviation of serum vitamin D concentrations in the three groups of women were as estimated in this study.
Results
Characteristics of the women in the three study groups: early perimenopausal, late perimenopausal, and postmenopausal A total of 300 women were studied, including 100 (33.33%) in the early perimenopausal group, 43 (14.33%) in the late perimenopausal group, and 157 (52.33%) in the postmenopausal group. The women in the early perimenopausal group were the youngest, those in the late perimenopausal period were older, and those in the postmenopausal period were the oldest (p<0.001) ( Table 2 ). The educational levels of the women in the early and late perimenopausal groups were similar; the women in the postmenopausal group had lower average educational levels (p=0.001).
Lipid profiles
Serum total cholesterol and low-density lipoprotein (LDL) cholesterol concentrations increased significantly during the subsequent reproductive periods in the women in this study (p<0.001) ( Table 3 ). The mean total cholesterol (CHOL) was 205 mg/dL in the early perimenopausal group; 211 mg/dL in the late perimenopausal group; and 224 mg/dL in the postmenopausal group. The mean LDL cholesterol was 118 mg/dL in the early perimenopausal group; 124 mg/dL in the late perimenopausal group; and 137 mg/dL in the postmenopausal group. A greater proportion of the women in the postmenopausal group had a total cholesterol and an LDL cholesterol above the normal range, compared with the women in the two perimenopausal groups.
In contrast, the high-density lipoprotein (HDL), total cholesterol (CHOL) and triglyceride (TG) concentrations did not differ significantly between the two perimenopausal groups (p=0.587 and p=0.266, respectively) and the means were 66 mg/dL and 106 mg/dL, respectively; 7% of the total number of women had an HDL cholesterol below normal, and 16% had triglyceride (TG) levels that were above normal.
The LDL/HDL and CHOL/HDL ratios in the postmenopausal group were significantly higher compared with those in women in the two perimenopausal groups (p=0.005 and p=0.025, respectively). The mean LDL/HDL ratio was 2.2 in the postmenopausal group, and 1.9 in the perimenopausal groups. In the total number of women studied, the mean TG/HDL was 1.76, which did not differ between the three study groups (p=0.318).
Obesity
In the total number of 300 women studied, the mean body mass index (BMI) was 26 kg/m 2 , the mean waist-hip ratio (WHR) was 82%, and the mean percentage of body fat was 30%. These characteristics did not differ significantly between the three study groups (p>0.05) ( Table 4 ). Based on the BMI, 44% of the women had a normal body weight, 39% were overweight, 17% were obese, and one woman was underweight. The WHR ratio was normal in 71% of the women studied, and in 29% it was above normal. The percentage of body fat was normal in about half of the women studied (51%); high in 19%; very high in 21%; low in 6%; and very low in 2%.
Serum vitamin D levels: severe deficiency, moderate deficiency, mild deficiency, and optimal
The mean serum vitamin D in all 300 women studied was 17 ng/mL and did not differ significantly among the three study groups (p=0.157) ( Table 5 ). The concentration of serum vitamin D at the optimal level was found in 9.33%; mild deficiency of vitamin D occurred in 20.33%; 50% had moderate deficiency; and 22.67% had severe deficiency.
Interdependencies of the lipid profile and obesity vs. serum vitamin D concentration
In the total number of 300 women studied, with varied serum vitamin D levels, there were significant differences in terms of serum HDL cholesterol concentration (p=0. 
Discussion
The hormonal alterations in women in the perimenopausal and postmenopausal periods may result in musculoskeletal, metabolic, and cardiovascular conditions, and may affect mental health. All these conditions may also be related to vitamin D deficiency. Also, women in the perimenopausal and postmenopausal period are more susceptible to vitamin D deficiency and its possible health consequences. It is plausible that in perimenopausal and postmenopausal women, estrogen deficiency together with vitamin D deficiency results in increased risk of metabolic and cardiovascular complications [1] .
According to some authors, dyslipidemia in menopause period is characterized by an elevation of the blood low-density lipoprotein (LDL) cholesterol and triglycerides (TG), as well as the decrease in high-density lipoprotein (HDL) cholesterol concentrations [10] .
In this study, women were compared in three study groups: early perimenopausal; late perimenopausal; and postmenopausal. The findings of this study showed that in all three groups, there were significant abnormalities in lipid profiles, with most groups having increased concentrations of total cholesterol (CHOL) and LDL cholesterol. Furthermore, CHOL, LDL cholesterol, the LDL/HDL ratio, and the total cholesterol/HDL ratio were significantly greater in postmenopausal women than in the two groups of perimenopausal women. In previous studies, a significant increase in total cholesterol and LDL cholesterol and a significant decrease in HDL cholesterol were also observed in postmenopausal women when compared with premenopausal women [11] .
The relationship between vitamin D and dyslipidemia is not well understood. However, the findings of some studies have shown that lower serum vitamin D levels might be associated with a more atherogenic lipid profile [12] . It is thought that vitamin D may regulate reverse cholesterol transport, in which HDL particles carry cholesterol out of atherosclerotic plaques [9] . In our study, the average serum vitamin D concentration in the 300 women studied was 16.83±8.74 ng/mL, which represented a deficiency of vitamin D. Furthermore, only 9.33% of women studied had an optimal serum vitamin D concentration. However, in most of the 300 women studied (93%), the serum HDL cholesterol level was within normal limits. Godala et al. [13] showed that vitamin D levels were significantly lower in women diagnosed with metabolic syndrome when compared with patients without metabolic syndrome in both premenopausal and postmenopausal groups.
Chacko et al. [14] found that higher serum vitamin D levels were inversely associated with adiposity, triglycerides, TG/HDL ratio, and metabolic syndrome, but were not associated with LDL cholesterol and HDL cholesterol in postmenopausal women. The TG/HDL ratio is also regarded as a marker of the atherogenic effect of blood lipids [14] . However, the findings of this study did not show a significant correlation between serum vitamin D concentration and TG/HDL ratio in the group of women working in non-manual jobs.
The findings of this study showed that an optimal serum vitamin D concentration was associated with a statistically significant decrease in the LDL/HDL ratio, percentages of body fat, and increase in HDL cholesterol. Chon et al. [7] , in a study in a group of Korean postmenopausal women, showed that adequate serum vitamin D levels were significantly associated with the normalization of triglycerides and HDL cholesterol levels. However, studies on the association between vitamin D supplementation and beneficial changes in lipids are inconclusive [2, 15, 16] . Schnatz et al. [15] , in a randomized trial, found that postmenopausal women with higher serum vitamin D levels had improved lipid profiles, including increased HDL cholesterol and lower LDL cholesterol and triglycerides, and that supplementation with vitamin D decreased their LDL cholesterol levels.
Menopause is associated with weight gain and changes in body fat distribution, with visceral fat accumulation (central adiposity). The typical gynoid distribution of body fat of premenopausal women gradually turns into the android type distribution, characterized by fat accumulation in the abdomen [1] . In this study, more than 50% of women working in non-manual jobs were overweight or obese, and both BMI and the percentage of body fat did not differ significantly between the three groups studied. However, an increased waist-hip ratio (WHR) was more common in early perimenopausal and postmenopausal women compared with late perimenopausal women.
Previous studies have shown that obesity may be associated with lower serum vitamin D levels, although the underlying mechanism is not clear [17, 18] . One of the possible explanations could be reduced bioavailability of vitamin D due to sequestration in excess adipose tissue [1] . However, Andreozzi et al. [19] concluded that vitamin D fat sequestration applied only to individuals with very large amounts of adipose tissue.
The accumulation of visceral fat results in an increased risk of metabolic and cardiovascular complications [20] . Arunabh et al. [21] , studied a group of women between 20-80 years old and showed that serum vitamin D levels decreased with an increase in the amount of adipose tissue. Recent studies have shown that vitamin D may play an active role within the adipose tissue by modulating inflammation, adipogenesis, and adipocyte secretion [22] . Chacko et al. [14] , in a study of postmenopausal women, showed a negative association between serum vitamin D levels and BMI, as well as waist circumference. In our study, we have found a negative correlation between serum vitamin D levels and BMI, as well as body fat, but not with the WHR. Andreozzi et al. [19] showed a negative correlation between serum vitamin D levels and waist circumference, as well as the android fat to gynoid fat (A/G) ratio, but not with BMI. The authors suggested that the android disposition of body fat is more closely associated with the onset of metabolic syndrome [19] .
A possible link between supplementation with vitamin D and weight loss is not fully understood. Previously reported in vitro studies have shown that 1,25-dihydroxy vitamin D3 may inhibit adipogenesis in T3-L1 cells [23] , and may also stimulate lipogenesis and inhibit lipolysis by interacting with mouse vitamin D receptor (mVDR) [24] . The meta-analysis of PereiraSantos et al. [25] showed that the prevalence of vitamin D deficiency was 35% greater in obese subjects when compared with overweight groups. Vitamin D may also influence leptin levels [24] , which are important in the control of appetite and the occurrence of obesity.
The production of active vitamin D in the skin decreases with age, and a similar exposure to the sunlight in elderly people produces up to 75% less vitamin D when compared with young adults [26] .
The findings of this study showed that vitamin D status was not significantly different in the three study groups. Similarly, Godala et al. [13] demonstrated that the mean concentration of vitamin D was not significantly different in the premenopausal and postmenopausal periods. The low serum vitamin D concentration in all three groups of women working in non-manual jobs could be partially explained by increased indoor activity and limited physical activity during the working hours, as well as limited sun exposure and a sedentary lifestyle. Ardawi et al. [27] showed that vitamin D deficiency (<20 ng/mL) was common among premenopausal (72.4%) and postmenopausal (85.0%) Saudi women [28] .
The decreased serum vitamin D levels found in the three groups of perimenopausal and postmenopausal women working in nonmanual jobs in this study may also be attributed to the dietary vitamin D intake, the extent of the sun exposure, vitamin D supplementation, and lifestyle. However, some other factors could also influence serum vitamin D levels. There is lack of clear evidence that vitamin D supplementation benefits lipid profile and weight loss. Women over 50 years old should be on a calciumand vitamin D-rich diet, which might help to prevent osteoporosis. It is also important to remember that calcium and vitamin D supplementation are needed during weight reduction, since a restricted diet is associated with decreased estrogen levels and calcium absorption, which may lead to bone loss [1] .
Further studies are needed to establish the optimal dosage of calcium and vitamin D, the duration of the treatment, and the effect of increasing serum vitamin D concentration in premenopausal and postmenopausal women working in nonmanual jobs, especially those with dyslipidemia and obesity. Diagnosing vitamin D deficiency and applying supplementation appear to be important steps in the prevention of metabolic and cardiovascular complications.
Conclusions
The findings of this study have shown the following. Women in early and late perimenopause, as well those who were postmenopausal, and who were working in non-manual jobs, had a deficiency of serum vitamin D. The total cholesterol, LDL cholesterol, and LDL/HDL and CHOL/HDL ratios increased the three study groups, early perimenopausal, late perimenopausal, and postmenopausal women. One-third of menopausal women working in non-manual jobs had abdominal obesity, 41% had excessive body fat, and more than 50% were overweight or obese. Menopausal women with optimal serum vitamin D levels had increased HDL cholesterol, lower LDL/HDL, and CHOL/HDL ratios, and a lower BMI, and reduced percentages of body fat compared with those with lower serum vitamin D levels. Therefore, increased awareness of the benefits of a vitamin D-rich diet and vitamin D supplementation, as well as outdoor physical activity, should be promoted among perimenopausal and postmenopausal women to help prevent obesity and unfavorable changes in lipid profile in this population.
